In the present study, manganese (Mn 2+ ), a neuromuscular blocker with pre and postsynaptic actions, was used to verify the neurotoxicity and myotoxicity induced by Crotalus durissus terrificus (Cdt) and Bothrops jararacussu (Bjssu) venoms in biventer cervicis preparations (BCp). Preparations pretreated with 0.66 and 1.6mM Mn 2+ did not affect Cdt venom-induced blockage nor change KCl-induced contracture but partially reduced ACh-induced contracture. However, both Mn 2+ concentrations partially hindered Bjssu venom-induced blockage after washing the preparations with Krebs solution, and only 1.6mM Mn 2+ preparations significantly recovered ACh-induced contracture. The effect of Cdt venom myotoxicity on contractile responses was different from that of Bjssu venom myotoxicity. Pretreatment with 1.6mM Mn 2+ partially reduced muscle damage percentage and creatine kinase (CK) activity (U/l) induced by both venoms. In conclusion, Mn 2+ interfered in ACh-induced contracture of the nicotinic receptor; did not prevent Cdt venom neurotoxicity but partially reduced its myotoxicity in vitro due to the stabilizing action of this venom on the sarcolemmal membrane; and partially attenuated myotoxicity and neuromuscular blockage induced by Bjssu venom. The Mn 2+ dual action (pre and postsynaptic) is useful to study snake venoms since most of them present one or both of these actions; besides, Mn 2+ allowed recovering coherent interpretation of experimental versus clinical results.
INTRODUCTION
Venoms from snakes of the genera Crotalus and Bothrops have been extensively investigated in Brazil because of their epidemiological importance regarding lethality (1.8%) and frequency (90%), respectively (1, 6 ).
Although the current trend is to study crude venom fractions (10, 14, 22, 35, 38, 41, 44) to better characterize the venom pathophysiological effects, it is extremely important to investigate the substance that attenuates or highlights the actions induced by the whole venom, which is actually inoculated by the snake in an accident. Crotalic venoms have neurotoxic, myotoxic and coagulant actions, and Bothropic venoms present proteolytic, coagulant and hemorrhagic activities (3, 7, 11, 25, 33, 43, 45, 46) . However, under experimental conditions, both venoms induced twitch-responses blockage in neuromuscular preparations and, when microscopically analyzed, myonecrosis was observed (11, 16, 37, 39, 42) . The in vitro effects of these venoms were quite similar regarding the parameters twitch responses and morphological aspects of the preparations. To elucidate such effects, manganese was chosen as a pharmacological tool since it is a reversible neuroblocking agent with pre and postsynaptic actions (28, 30, 35, 36, 44) , ideal to study crotalic and bothropic venoms, which have pre and postsynaptic actions, respectively.
MATERIALS AND METHODS

Venoms and Reagents
Dried Cdt and Bjssu venoms were supplied by Butantan Institute (São Paulo, SP, Brazil). Manganese chloride was from Sigma-Aldrich Co. (St. Louis, MO, USA). The materials for histological analysis and creatine kinase (CK) test were from: Leika (Nublock/Heidelberg, Germany) and Merck (Rio de Janeiro, RJ, Brazil), and Randox ® 335 (England, UK), respectively.
Animals
HY-Line W36 male chicks (4-8 days old) were supplied by Granja Globo Aves Agrovícola Ltda (Mogi Mirim, SP, Brazil). The chicks were housed at 25±3ºC under 12h light/dark cycle and had free access to food and water. 
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Chicks were killed by halothane inhalation and biventer cervicis muscles were removed (15) and mounted under a tension of 1g/0.5cm in a 5ml organ bath containing warmed (37ºC), aerated (95%O 2 +5%CO 2 ), modified Krebs solution (28) of the following composition (mM, pH 7.5): NaCl, 118.1; KCl, 4.8; CaCl 2 , 2.5; MgSO 4 , 1.2; NaHCO 3 , 12.5; and glucose, 11.1. A bipolar platinum ring electrode was inserted around the tendon within which the nerve trunk supplying the muscle runs. Field stimulation was done using a Grass S48 stimulator (0.1Hz, 0.2ms, 6-8V). Muscle contractions and contractures were recorded isometrically via a force-displacement transducer (Load Cell BG-10GM) coupled to a Gould model RS3400 physiograph.
Contractures to exogenously applied acetylcholine (ACh, 110μM, for 60s) and potassium chloride (KCl, 20mM, for 180s) were recorded in the absence of field stimulation prior to treatment and at the end of the experiment, as a test for the presence of myotoxic and neurotoxic activities (18) . The BCps were allowed to stabilize for at least 20min before the addition of ACh or KCl. Then, Mn 2+ (0.66 or 1.6mM), Cdt venom (10μg/ml), Bjssu venom (200μg/ml) or Mn 2+ (0.66 or 1.6mM) followed by Cdt venom (10μg/ml) or Bjssu venom (200μg/ml) were applied to the bath. These concentrations were chosen based on previous works (47) . Control experiments were carried out using Krebs solution.
Creatine Kinase Activity
To determine CK activity, 100μl samples were withdrawn from the bathing solution 0, 
1B and 1C).
ACh and KCl-induced Contractures in BCp
Independent of the concentration used, Mn 2+ ions significantly affected ACh-induced contracture but did not alter KCl-induced contracture when compared with control ( Fig. 2A ). followed by Cdt venom led to a 60% decrease in the percentage of damaged fibers (9.9±2.1%, n=5, Fig. 4D ), which significantly differed from that of Cdt venom preparations.
When BCp was incubated with Bjssu venom, damaged fibers showed not only higher percentage (31.9±2.4%, n=6), but also higher severity, including the presence of ghost cells (Fig. 4E) . Pretreating the preparations with Mn 2+ followed by Bjssu venom addition (Fig. 4F ) significantly reduced (55%) damaged fibers percentage to 17.5±1.8% (n=6; p<0.05). In the present work, Mn 2+ was used as a pharmacological tool since it acts either presynaptically (4, 28, 30, 32, 35, 36) or postsynaptically, mainly on sarcolemmal membranes (28, 35, 36, 44) , in an attempt to better understand the in vitro actions of Cdt and Bjssu venoms related to their neurotoxicity and myotoxicity.
Relevant Aspects considering Myographic Parameters
Manganese ions (Mn 2+ ): Mn 2+ acts as a presynaptic agent (4, 30, 32) . Besides, it has a dual action on mouse neuromuscular preparations involving Ca 2+ channels at the nervous terminal: as an antagonist (inducing neuromuscular blockage) and as an agonist (recovering twitch tension) (35, 36, 44) . However, in BCp, twitch recovery was only observed after washing the preparations, which indicated a predominant antagonist action.
Mn 2+ significantly blocked acetylcholine responses including those to indirect stimulation, but did not affect the responses to elevated K + concentrations, similarly to pure postsynaptic neurotoxins (18) . However, Mn 2+ also acts on the sarcolemmal membrane (28), which was observed in twitch responses to direct stimulation that were partially inhibited by high concentrations of this cation (3mM). Mn 2+ ions, like magnesium ions, may stabilize the postsynaptic membrane, thereby depressing its excitability (13) . Although in a previous study using mouse preparation, potassium channels, ryanodine and nicotinic receptors were not considered possible targets for Mn 2+ (36) , the present results indicated that the nicotinic receptor can be a possible target, since BCp is multi-innervated and contains numerous nicotinic receptors throughout the muscle fiber responding with a contracture to cholinergic agonists.
However, further studies using different techniques must be carried out to elucidate the actual involvement of Mn 2+ with nicotinic receptors.
Cdt venom and manganese:
In the present study, Cdt venom prevented nerveevoked twitches without affecting the response to cholinoceptor agonists, which corroborates the findings about the interference of Cdt venom on ACh release (8, 21) through a presynaptic action. 
Relevant Aspects considering Histological Parameters
Necrosis following snakebite is a very complex phenomenon that may be produced by the action of specific factors and/or by general secondary tissue reactions (29) .
Therefore, a growing interest on venom components responsible for myonecrosis and their mode of action has arisen during the last decades (17) . In the present study, myonecrosis induced by Cdt and Bjssu venoms was evaluated through biochemical and histological tests using BCp, and a correlation between CK activity and tissue damage was observed using pure toxins. However, crude venoms effects need a careful interpretation (29) .
Cdt venom and Mn 2+ :
The presence of myotoxic components in snake venoms is expected to reduce the contracture response by the skeletal muscle with the addition of a high concentration of potassium (18) , whose response was not observed for Cdt venom in the present experiment (see Fig. 2B ), considering the myographic parameter.
However, even for venoms that cause no local myotoxic effect during human accidents, like Cdt venom (2, 26) , in vitro myotoxicity has been reported including
Crotalus durissus cascavella venom (5). This lack of correlation between in vivo and in vitro effects can be attributed to some factors such as the venom constituents and the host defense response.
Historically, these differences in vivo and in vitro lead to some postulates on myotoxicity, as that by Gutierrez and Ownby (17) The in vitro myotoxicity induced by Cdt venom, however, was reduced by manganese, both considering morphological change and CK release, probably due to the sarcolemmal action of this cation.
Bjssu venom and Mn 2+ :
Bites by Bjssu snakes frequently produce severe local necrosis, which sometimes requires amputation of the affected member (31), as well as systemic necrosis, whose signal is renal failure (19, 31 ) sometimes leading to death. As myotoxicity is the main toxic action of this venom, it is interesting to investigate substances that avoid it. Manganese was able to partially counteract this effect and, considering CK parameter, the venom myotoxicity was also reproduced by BthTX-I (40). The mechanism by which manganese exerts some protection against the extensive damage induced by Bjssu venoms can be related to its action on the sarcolemmal membrane.
CONCLUSIONS
The most important findings obtained in BCp in vitro studies using Mn 2+ , and Cdt and Bjssu venoms, considering neurotoxic and myotoxic parameters, were:
1) Mn 2+ interfered in the contracture induced by ACh nicotinic receptors (Fig. 2A) ;
2) The main action of Cdt venom (neurotoxicity) was not influenced by Mn 2+ , which had a predominant but complex presynaptic action.
3) The main action of Bjssu venom (myotoxicity) was positively influenced by the postsynaptic action of Mn 2+ . As myotoxicity was prevented, more fibers were intact to guarantee the twitch-tension responses, as observed in the recovery of muscular contraction after washing the preparations.
4) This work could lead to coherent interpretation of experimental versus clinical
results.
